H
ospital readmissions are common and burdensome to patients and their caregivers (1) and cost Medicare $26 billion annually (2) . Clinicians, hospitals, and payers, particularly Medicare, have focused substantial attention on reducing readmission rates. For instance, the Medicare Hospital Readmissions Reduction Program (HRRP) penalizes hospitals with worse than expected 30-day readmission rates for common medical conditions. In the traditional Medicare program, which covers more than 65% of all Medicare beneficiaries, substantial decreases in readmission rates were observed starting in 2010 (3) and persisted each year through 2015 (4) .
The HRRP derives hospitals' readmission rates using data from traditional Medicare beneficiaries only. The program does not report readmission rates for persons with other sources of insurance coverage, including the rapidly growing Medicare Advantage program. Therefore, there are limited national data for hospitalists, primary care physicians, and postacute care providers to understand readmission risks for their patients in Medicare Advantage and how readmission rates may differ from traditional Medicare beneficiaries. This is important because one third of Medicare beneficiaries (about 19 million people) are currently enrolled in Medicare Advantage (5, 6) .
Readmissions are ideal for comparison between traditional Medicare and Medicare Advantage. Traditional Medicare generally reimburses providers with fee-for-service payments that reward the volume and intensity of care, potentially leading to increased rates of hospitalizations and readmissions. In contrast, Medicare Advantage plans receive capitated payments to bear the risk of financing covered services and, therefore, operate under strong incentives to reduce costs of care and hospital readmissions. Further, Medicare Advantage plans may adopt some quality management tools that are not available in traditional Medicare. For instance, plans can selectively contract with higherperforming hospitals or deploy case management and care transition programs to patients at high risk for readmission.
Previous studies have reported lower readmission rates in Medicare Advantage than traditional Medicare (7) (8) (9) , leading some policy observers to conclude that Medicare Advantage beneficiaries have better postacute care outcomes (10) . However, these studies have been limited by the lack of complete and accurate data on hospitalizations in Medicare Advantage. The Centers for Medicare & Medicaid Services (CMS) does not evaluate readmissions in Medicare Advantage and traditional Medicare using the same data sources and measure specifications.
Using a novel data linkage, we compared 30-day readmission rates after hospitalization for 3 major conditions included in the HRRP-acute myocardial infarction (AMI), congestive heart failure (CHF), and pneumoniabetween Medicare Advantage and traditional Medicare beneficiaries from 2011 to 2014. We hypothesized that readmission rates among traditional Medicare beneficiaries are not higher than those among Medicare Advantage beneficiaries, as previously reported.
METHODS

Data
We used the Medicare Provider Analysis and Review (MedPAR) files to identify hospital admissions for patients in traditional Medicare and those in Medicare Advantage. Medicare Advantage status was determined on the basis of the patient's enrollment on the day of admission. A recent study determined that hospitals that submit MedPAR data for patients in Medicare Advantage accounted for 92% of Medicare discharges between 2011 and 2013 (7). Because readmissions may occur in hospitals that do not report MedPAR data for Medicare Advantage enrollees (11, 12), we linked Med-PAR data with Healthcare Effectiveness Data and Information Set (HEDIS) records. The HEDIS data include hospital admissions and discharge dates and an indicator of whether a patient was admitted within 30 days of discharge at the same or a different hospital. The HEDIS readmission measure requires continuous enrollment in the Medicare Advantage plan for 12 months before and 30 days after the index admission with no gap exceeding 45 days. With the exception of private fee-for-service plans with fewer than 1000 enrollees, all Medicare Advantage plans must report HEDIS data to CMS. The Medicare Master Beneficiary Summary File provided demographic characteristics.
Study Population
We applied the eligibility criteria used in the publicly reported readmission measures developed by CMS for the HRRP (13) (14) (15) (16) . For persons aged 65 years or older, we defined an index admission as any hospitalization with a live discharge and a principal diagnosis of AMI, CHF, or pneumonia from nonfederal, shortterm, acute care hospitals in any state and the District of Columbia between 1 January 2011 and 30 November 2014 (Supplement, available at Annals.org).
Outcome
Our outcome was all-cause readmission within 30 days after discharge from an index admission (Supplement Table 1 (17) , suggesting that underreporting of other measures, such as readmissions, is also possible. Thus, use of both data sets was designed, to the extent possible, to address the lack of comprehensive billing data for patients in Medicare Advantage.
Covariates
Demographic covariates included age (5-year increments), sex, race/ethnicity, annual household income (estimated from residential ZIP codes [18] ), education (estimated from the percentage of the population with a college degree residing in the patient's ZIP code), dual Medicare-Medicaid coverage, and year of hospital admission. These covariates expand on those used by CMS in the HRRP (19 -21) . Condition-specific comorbid conditions (Supplement Table 2 , available at Annals.org) were classified according to published approaches used in the HRRP and derived using principal and secondary diagnosis codes from the index hospitalization and hospitalizations in the previous 12 months (Supplement) (13) (14) (15) (16) . The CMS uses both inpatient and outpatient claims to ascertain comorbid conditions; we used only inpatient claims because outpatient claims are unavailable for Medicare Advantage (Supplement). A prior analysis found that inclusion of comorbid conditions from outpatient data did not result in meaningful changes in hospitals' risk-standardized readmission rates (22) (23) (24) .
Statistical Analysis
We used the Neuhaus-Kalbfleisch method (25) to estimate the within-hospital effect of Medicare Advantage versus traditional Medicare. To do so, we applied a hierarchical logistic regression model with a random intercept for the hospital-specific effect and fixed-effect terms for Medicare Advantage versus traditional Medicare status; the sociodemographic characteristics described earlier; condition-specific comorbid conditions; dual Medicare-Medicaid coverage; year of admission; and the fraction of patients in Medicare Advantage treated in each hospital for AMI, CHF, or pneumonia. Observations with missing covariates (<2%) were not included (Supplement). Accordingly, this analysis estimated the difference on the logit scale in readmission rates between patients in Medicare Advantage and those in traditional Medicare admitted to the same hospital (within-hospital effect) while separating the acrosshospital effect. On the basis of this model, we estimated the standardized readmission rates in Medicare
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Advantage and traditional Medicare using predictive margins (26 -28) and subsequently computed the difference in standardized readmission rates for Medicare Advantage versus traditional Medicare (Supplement).
We performed sensitivity and subgroup analyses to assess the robustness of our findings. First, we modeled the outcome without hospital indicators as covariates to estimate the overall contrast of Medicare Advantage versus traditional Medicare-that is, a mixture of the within-hospital effect (primary analysis) and the across-hospital effect. Similarity of this result to the primary result would suggest that the effect of Medicare Advantage on readmission is not modified by the admitting hospital (29) . Second, we used a linear probability model with multiway cluster-robust SEs to account for both clustering of observations within hospitals and repeated hospitalizations from the same patient (Supplement). Third, to assess asymmetry resulting from using both HEDIS and MedPAR to ascertain readmissions in Medicare Advantage but only MedPAR to ascertain readmissions in traditional Medicare, we repeated the main analyses by identifying readmissions for Medicare Advantage beneficiaries in MedPAR alone and in HEDIS alone and investigated the linkage between MedPAR and HEDIS data. Fourth, we assessed the robustness of our findings to potential unmeasured covariates using the E-value (30, 31) , which measures the minimum strength of association that unmeasured covariates need to have with Medicare Advantage status and readmission to explain our observed effect of Medicare Advantage on readmission (30) (Supplement). Previous research (7, 8) suggested that 30-day readmission rates among traditional Medicare beneficiaries are higher than those among Medicare Advantage beneficiaries. Using E-values, we examined the sensitivity of our results to unmeasured covariates by assessing whether our observed 30-day readmission rate differences between Medicare Advantage and traditional Medicare are no worse than 
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RESULTS
Linkage Between MedPAR and HEDIS
Among hospitalizations for Medicare Advantage enrollees who were in a HEDIS-reporting plan during the 12 months before the index admission, 29.2% of admissions for AMI, 38.0% for CHF, and 37.2% for pneumonia (as identified in MedPAR) did not have a corresponding record in HEDIS. Of these, 18.9% for AMI, 23.7% for CHF, and 18.3% for pneumonia (Supplement Tables 4a, 4b , and 4c, respectively, available at Annals.org) resulted in a readmission that was identified in MedPAR records. In contrast, among the index admissions in this population that appeared in HEDIS, 14.4% for AMI, 18.4% for CHF, and 13.9% for pneumonia (Supplement Tables 4a, 4b , and 4c, respectively) resulted in a readmission. When readmissions for patients in Medicare Advantage were ascertained using only MedPAR or HEDIS, the unadjusted and adjusted 30-day readmission risks were lower for patients in Medicare Advantage than traditional Medicare for all 3 conditions (Supplement Table 5 , available at Annals .org). Supplement Table 6 (available at Annals.org) shows the agreement between readmissions identified in MedPAR and HEDIS among index admissions that were present in both data sources. Table 1 shows the number of patients hospitalized and discharged alive with a primary diagnosis of AMI (n = 841 613), CHF (n = 1 458 652), or pneumonia (n = 2 020 365) in any of the 4748 eligible hospitals. For all 3 conditions, patients in Medicare Advantage were slightly younger and less likely to be white than patients in traditional Medicare hospitalized with the same primary diagnosis. The proportion of patients with dual Medicare-Medicaid coverage was higher among traditional Medicare beneficiaries for all 3 conditions.
Patient Characteristics
30-Day Readmission Rates
Unadjusted 30-day readmission rates were higher for patients in traditional Medicare than Medicare Advantage (17.1% vs. 16 Table 2 ). The corresponding rate differences between Medicare Advantage and traditional Medicare were 0.3 percentage point (95% CI, 0.1 to 0.5 percentage point; P = 0.002) for AMI, 0.3 percentage point (CI, 0.2 to 0.5 percentage point; P < 0.001) for CHF, and 0.5 percentage point (CI, 0.4 to 0.6 percentage point; P < 0.001) for pneumonia ( Table 2) . Among hospitals in which both Medicare Advantage and traditional Medicare beneficiaries were admitted, readmission rates were higher for those in Medicare Advantage in 1098 of 2138 hospitals (51%) after AMI, 1721 of 3373 hospitals (51%) after CHF, and 1920 of 3720 hospitals (52%) after pneumonia.
Changes Over Time
With the exception of AMI in 2011, adjusted readmission rates were higher for Medicare Advantage beneficiaries for each condition in all other years (Figure) . For AMI, the 30-day readmission rate was 0.2 percentage point (CI, Ϫ0.2 to 0.6 percentage point) higher for traditional Medicare beneficiaries than for Medicare Advantage beneficiaries in 2011; however, Medicare Advantage beneficiaries experienced higher rates of 
Sensitivity and Subgroup Analyses
The E-values for these associations were modest. An unmeasured covariate would have to be associated with both Medicare Advantage enrollment and readmission risk with relative effects of 1.18 for AMI, 1.21 or 1.42 for CHF, and 1.23 for pneumonia to explain the superiority estimates for traditional Medicare observed here and lead to the finding that traditional Medicare is inferior to Medicare Advantage at the degrees of associations observed in previous studies.
Patients in Medicare Advantage had lower expected risk for readmission than those in traditional Medicare for all 3 conditions (Supplement Figures 1 to  5 , available at Annals.org). Additional sensitivity analyses appear in the Supplement and in Supplement Tables 7 to 9 (available at Annals.org).
DISCUSSION
Using a novel linkage between MedPAR and HEDIS records, we found that, between 2011 and 2014, HEDIS data underreported hospital admissions for 3 common medical conditions, and admissions that were incorrectly excluded had higher readmission rates than those that appeared in HEDIS data. Despite this, in analyses using the linkage of HEDIS and MedPAR, Medicare Advantage beneficiaries had higher 30-day risk-adjusted readmission rates after AMI, CHF, and pneumonia than did traditional Medicare beneficiaries. Of note, not only were readmission rates higher for Medicare Advantage than traditional Medicare beneficiaries for each condition in all 4 years (except AMI in 2011), but the difference increased between 2011 and 2014, a period that included early implementation of the HRRP and initiation of financial penalties in October 2012. By 2014, we detected an increase in readmission rates of 0.5 to 0.6 percentage point in Medicare Advantage compared with traditional Medicare. This represents a meaningful difference given that, between 2007 and 2015, readmission rates in the traditional Medicare population for the 3 conditions decreased by 3.7 percentage points (4). These differences translate to an excess of approximately 2700 readmissions for AMI, 6000 readmissions for CHF, and 12 000 readmissions for pneumonia for patients in Medicare Advantage during the study period.
Although unadjusted readmission rates were higher for traditional Medicare beneficiaries, the direction of the difference reversed after standardization. This occurred because Medicare Advantage beneficiaries have, on average, a lower expected readmission risk (that is, they are "healthier"). Prior studies have documented that Medicare Advantage plans enroll beneficiaries with fewer comorbid conditions and that highcost beneficiaries switch from Medicare Advantage to traditional Medicare (32, 33 (30, 34) . The magnitudes of these E-values imply that the previously reported differences in readmission rates between Medicare Advantage and traditional Medicare and the ones presented in our study are not large in absolute terms; however, when contextualized in a large cohort and relative to the national decreases in readmission rates over time (4), they have important policy implications (34, 35) . The higher readmission rates in Medicare Advantage are unlikely to be influenced by hospital characteristics. Our within-hospital analyses compared outcomes for patients in Medicare Advantage and those in traditional Medicare admitted to the same hospitals, thus accounting for such a hospital effect. Similarly, our findings are not likely to be attributable to differences in observation stays because prior research has found that such stays do not explain the reduction in readmissions in the traditional Medicare program, and their frequency has increased similarly in Medicare Advantage and traditional Medicare (4, 36, 37) .
Our results contrast with those of previous studies that have reported lower (7, 9, 38) or statistically similar (8) readmission rates for Medicare Advantage beneficiaries. Our findings may have differed for 4 main reasons. First, we used more comprehensive data than prior studies (7, 8) , which relied exclusively on Med-PAR. Using MedPAR alone could miss readmissions for patients in Medicare Advantage readmitted to a hospital that did not report MedPAR data. Our approach captured readmissions that did not generate a MedPAR record but were available in the Medicare Advantage plans' HEDIS data. Second, our analyses included comorbid conditions from a well-validated model applied by CMS (16), which we enriched with additional covariates, including socioeconomic status, race/ethnicity, and dual Medicare-Medicaid coverage. Third, we included national data and focused on the 3 conditions that were publicly reported and included in the HRRP from 2011 to 2014. Fourth, 2 prior investigations (7, 9) focused on readmissions among patients discharged to skilled-nursing facilities or inpatient rehabilitation facilities. The association of Medicare Advantage enrollment with readmission may vary across different clinical conditions and postacute settings.
Rigorous comparison of clinical performance in Medicare Advantage and traditional Medicare is a firstorder health policy priority because federal policy has stimulated enrollment of beneficiaries in Medicare Advantage plans. Forty percent of all Medicare beneficiaries are projected to be enrolled in Medicare Advantage by 2028 (10, 39) . The Medicare Payment Advisory Commission has estimated that payments for Medicare Advantage beneficiaries, which were $210 billion in 2017, are higher than those for comparable traditional Medicare beneficiaries (6, 40, 41). Therefore, our study suggests the need to track outcomes for patients in both insurance programs using comparable methods, data sources, and risk-adjustment approaches (42) .
Our findings also have important implications for reporting of readmission data and other HEDIS quality metrics for Medicare Advantage plans. As in our previous analysis of another HEDIS measure (18), we found that Medicare Advantage plans' HEDIS data on readmissions seemed to be inaccurate. Plans incorrectly excluded hospitalizations that should have qualified for the readmission measure, and readmission rates were substantially higher among incorrectly excluded hospitalizations. These findings are concerning because CMS uses HEDIS performance to construct composite quality ratings and assign payment bonuses to Medicare Advantage plans. Our study suggests a need for improved monitoring of the accuracy of HEDIS data, particularly the measures' denominators.
Our study had limitations. First, although we used a claims-based risk-standardization approach similar to that used by CMS, claims data do not include detailed measures of health status, function, illness severity, and social determinants. Second, our study could not identify the causal mechanisms driving the observed differences in readmission rates between Medicare Advantage and traditional Medicare. Third, although we used more comprehensive data sources than prior studies, some readmissions may not have been captured for patients in Medicare Advantage and comorbid conditions may not have been equally recorded in Medicare Advantage and traditional Medicare data. However, Medicare Advantage plans reimburse hospitals using the same payment methods and rates as traditional Medicare, which presumably would reduce incentives for a given hospital to code comorbid conditions differently for patients in Medicare Advantage and those in traditional Medicare admitted with the same condition (43) . Fourth, our findings apply to index hospitalizations in hospitals that report data for patients in Medicare Advantage; these hospitals account for 92% of all admissions for traditional Medicare beneficiaries (7) . Fifth, our data lacked detailed information on the type of Medicare Advantage plan and did not extend beyond 2014. Sixth, Medicare Advantage plans incorrectly excluded index admissions in HEDIS, and MedPAR may miss some readmissions for Medicare Advantage but not traditional Medicare. This potential flaw in the CMS data would imply that our estimated readmission rates in Medicare Advantage might be conservative, representing a lower bound of the underestimated Medicare Advantage rates. Finally, use of area-level socioeconomic data can result in measurement error and incomplete adjustment, and measurement errors in covariates can bias results in either direction (44, 45) .
Overall, despite underreporting of readmissions in HEDIS data and incomplete ascertainment of readmissions for Medicare Advantage beneficiaries in MedPAR data, we found no evidence that readmission rates for 3 common medical conditions were higher in traditional 
